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　　　　　　　　　2・　　　　Hydraulic　Design　of　C　ontrol　Structures
　　　　　As　has　been　briefly　described　in　the　foregoing　part，　a　control
structure　is　the　class　of　transition　structures　in　which　the　flow
provides　the　control　section　for　carried　discharges，　and　consequently
the　hydraulic．behaviours　of　flow　in　control　structures　are　completely
determined　by　means　of　the　theory　of　control　section．　　Control
structures　are　used　for　various　purposes　in　hydraulic　projects　and　es－
pecially　the　most　available　use　is　to　measure　the　discharge　of　flovJ
by　control　structures・　汀ith　respect　to　this　use，　various　types　of
w・ir鋤d　flume　ar6・・familiar　t・hydraulic　engineer・．　Additi。nal　u。e
of　controユstructures　is　to　exclude　heavy　sediments，　as　the　flow
regime　charlges　from　tranquil　to　shooting　in　the　structure．
　　　　　C・nveyance　stru・tures　bec。me　channel　c・ntr・ls　und・r　s・m・hydraulic
conditions，　though　in　the　original　project　they　are　not　planned　as
controls，　and　in　almost　all　cases，　conveyance　structures　involve
channel　controls　locally．　［［herefores　the　purpose　is　very　wide　and　the
hydraulic　design　for　control　structures　can　not　be　unified．
　　　　　Usually，　control　structures　may　be　divided　into　two　classes　of
uncontrolled　and　controlled．　　The　controlled　class　is　the　structure
which　is　constructed　by　additional　appurtenant　structures　in　canals
and　can　control　the　flow　state　by　the　artificial　regulations．　Gates
are　typical　examples　of　this　class．　When　the　conveyance　structures
involve　local　changes　in　channel　geometry　like　cross　section　and
channel　grade　as　well　as　boundary　resistance，　the　flow　changes　its
regime　in　the　structure，　and　for　particular　discharges　the　structure
may　become　channel　controls　and　be　class　ified　as　uncontrolled　class．
Consequently，　a　spillway　crest，　a　weir　arld　others　are　examples　of　this
class．　　［［h　e　flow　behaviours　in　controlling　structures　are　generally
so　complicated　as　not　to　be　expressed　in　a　mathematical　description
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●
of　one　dimensional　procedures　in　hydraulics．　Co㎜on　procedures　are　the
mo（lel　s七udy　for　particular　designs．　The　complete　formulation　of　this
type　of　structures　is　one　of　further　research　problems　in　terms　of
modern　knowledge　in　hydrodynamics　and　hydraulics．
　　　　　工n　this　chapter，　therefore，　the　uncontrolled　class　of　control
structures　is　exclusively　treated．　As　desc　ribed，　the　hydraulic
performance　of　this　type　of　structure　is　definitely　determined　by
means　of　the　theory　of　transitional　characteristics　of　steady　flows，
and　it　is　apparently　observed　that　the　hydraulic　design　of　control
structures　must　be　projected　by　a　large　nurnber　of　requirements　involv－
ing　in　the　work．　Hydraulically　speaking，　the　flow　in　control
structures　is　also　classif　ied　into　two　parts　of　gradually　and　rapidly
varied　flows，　which　are　frequently　described　in　the　foregoing　parts．
The　gradual］．y　varied　f］．ows　are　essentially　characterized　by　the　hydro－
static　law　in　pressure　distribution　and　the　negligence　of　surface
cur・Oature　at　the　free　surface，　as　the　flow　is　gradually　changing　in
channel　transitions　and　controls．　　On　the　contrary，　the　rapidly　varied
flow　is　mainly　characterized　by　the　rapid　change　in　flow　behaviours
within　a　relatively　short　passage　through　the　structure．　Consequent－
ly，　in　many　cases　treating　with　the　hydraulic　behaviours　of　rapidly
varied　flows，　the　detail　pattern　of　flow　itself　can　not　be　subject　in
a　mathematical　form，　which　implies　the　hydraulic　analysis　by　means　of
the　one　dimensional　method　is　insufficient　to　make　the　hydraulic
performance　of　the　structure　clear．　Gften　used　is　the　momentum　ap－
proach　which　is　constructed　within　a　zone　involving　such　control
sections，　as　seen　in　the　previous　chapter　and　many　hydraulic　litera－
tures．　　Nevertheless，　it　is　evident　that　this　method　can　not　indicate
definitely　the　transirbional　characteristics　and　the　hydraulic　per－
formance　of　structurese　so　that　in　classical　theories　on　hydraulics　of
controlling　performance　rnany　empirical　coefficients　have　been　intro一
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　　duced　as　a　mean　to　estima七e　the　behaviors　in　more　refined　forms．
　　　　　　　For　hydraulic　design　of　f1㎜es　and　other　con七roi　structures
　　through　which　the　gradually　varied　flow　is　carried，　the　hydraulic　re－
　　quirement　is　rather　simple．　　The　change　of　flow　behaviours　in
　　structures　is　so　graduai　that　the　sudden　increase　or　decrease　in　velo■
　　city　and　pressure　is　not　locally　occured．　　In　this　case，　the　exact　．
　　rne　as　ure　me　nt　of　discharge　by　the　control　structure　is　only　the　neces－
　　sary　requirement．　　The　structures　must　be　designed　and　constructed　so
　　carefully　as　to　be　cons　is　te　nt　with　the　theory　of　control　section　for
　　gradually　varied　flows　described　in　the　foregoing　part．　　工n　reality，
　　the　more　desirable　design　criteria　are　not　established．　Among　a
　　large　variety　of　tentative　schedules　imposed　by　topographical　and
　　geological　conditions　as　well　as　economy，　the　design　suitable　to　the
　　project　site㎜st　be　selected　by　the　try　and　cut　procedure．　Fl㎜es，
　　as　a　simple　mean　for　discharge　measurement，　have　not　yet　completely
　　standar4izedジand　various　types　of　f1㎜es　like　those　of　Parshallt
　　工nglis，　de　♪己rchi　and　others　are　still　widely　used　in　the　world．　A
　　tremendous　amount　of　exper　ime　ntai　works　and　the　oretical　analyses　for
　　various　types　of　flumes　combined　with　two　variables　of　cross　section
’and・hann・1　grad・will　furni・h　th・final　m・d・1・f　th・mg・t　fav・urqble
　　design　for　discharge　metering　by　a　single　water－level　measurementt　and
　　　the　settlement　of　this　problem　is　one　of　further　program　for　hydraulic
　　　engineers　who　are　participating　to　the　hydraulics　of　open　channel
　　　£10ws．
　　　　　　　　On　the　other　hand，　hydraulic　des　ig　ns　of　weirs，　overflow　spillways
　　　and　other　control　structures，　through　which　the　rapidly　varied　flow　is
　　　carried，　are　required　by　the　two　requirements　of　control　section　and
　　　pressutre　distribution．　The　former　requirement　is　apparently　the　same
　　　one　as　the　designs　of　flumes，　because　the　structure　rnust　be　involved
　　　by　control　sections　to　insure　the　discharge　measurement．　Herewith，
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the　other　difficuity　for　hydraulic　analys　is　on　performance　of　structur’e
will　be　arised，　as　the　rapidZy　varied　flow　charlges　the　flow　state
within　a　short　passage，　and　frequently　the　detail　pattern　of　flow　be－
haviours　re　quired　for　the　hydraulic　analys　is　and　thus　the　design
procedure　can　not　be　expressed　in　a　mathematical　form．　　1［he　flow　over
a　round　crested　weir　and　a　spillway　crest　is　practically　expressed
by　a　constancy　of　angular　velocity　as　described　in　the　foregOing　part
with　sufficient　accuracy　for　engineering　purposes，　so　that　the　design
procedure　will　also　provided　only　by　the　theoretical　side，　whereas
the　flow　over　a　sharp　crested　weir　is　more　complicated　in　its　dynamic
principles　and　consequently　the　clear　formulation　of　head－discharge
relationship　as　the　fundamental　prirlciples　of　control　structures　be－
comes　difficult　irl　terms　of　the　one　dimensional　hydraulic　procedures．
　　　　　For　short　structures　like　a　round　crested　weir　and　a　spillway
crest，　the　most　irnportant　requirement　for　hydraulic　design　is　the
pressure　distribution　along　the　boundary　of　structure．　　The　flow　on
a　short　structure　is　evidently　very　rapid　in　the　change　of　flow　state，
so　that　the　rapid　increase　of　velocity　rnakes　consequently　the　sudden
decrease　of　pressure　and　in　some　cases，　it　is　a　cause　of　the　formation
of　cavity　along　the　boundary　and　unfavourable　vibration　of　the
structure．　The　cost　of　repair　and　maintenance　of　the　structure　will
certainly　be　raised．　　The　investigation　of　cavity　formations　in　open
c　ho．　nne　ls　has　rlot　been　progres3ed　compared　with　other　field　of　hy“
draulic　machinery．［［he　present　design　reco㎜endation　for　prevention
．from　the　cavitatiorl　is　to　provide　the　channel　geometry　in　forms　of
so　streamlined　as　not　to　produce　the　local　decrease　and　increase　of
pressur。．［［h。　auth。rl）and　his　c。11。agues　att。mpt。d　t。　m・a・ur・th・
pressure　fluctuation　in　fluid　flows　over　a　curved　bdundary　with　the
use　of　pressure　gauge．　　The　formation　of　cavity　has　not　been　definite－
1y　detocted．　However，　being　different　from　the　turbulent　fluctuation
302
in　fluid　flows，　the　possibility　of　cavity　formation　was　apparently
indicated　with　tesults　of　recording　the　pressure　fluctuation　of
several　cycles．　At　dovnstream　faces　of　overflow　spilユways，　it　is
frequently　observed　that　the　cavity　formation　produces　the　scaling　of
concrete．　　工t　is　then　recognized　that　the　design　procedure　must　be
accented　to　the　exact　estimation　of　pressure　distribution　on　the
solid　　surface．　From　this　point　of　view，　the　design　procedure　of
short　structures　in　pressure　distribution　wi］ユ　be　briefly　described　in
the　follwoing，　with　some　examples．
　　　（1）　　Pressure　requirement　for　round　crested　weir
　　　　　The　pressure　distribution　along　the　curved　crest　of　weirs　and
the　locations　where　the　bed　pressure　becomes　zero　has　already　been
discussed　in　Part　工工工．　　The　experimental　results　also　verified　the
theoretical　calculations　derived　by　the　irrotat‘onaユ　theory，　and　the
design　criteria　for　necessary　length　of　curved　boundary　are　indicated
in　F　ig．　3－5．　If　the　range　of　discharge　which　is　carried　over　the
weir　is　determined　during　the　preliminary　pro，ject，　the　required　length
is　readily　obtainable　in　the　figure●
　　　　　工nactual　behaviours　of　flows　over　the　weirs　it　is　co㎜only
observed　by　the　experimental　study　that　the　unfavourable　pre　ssure
decrease　will　occur　at　the　upstream　face，　where　the　flow　being　initial－
ly　at　rest　obtains　an　extreme　value　in　velocity．　　工n　this　reach，　the
present　procedure　by　means　of　the　irrotational　theory　can　not　ex－
press　the　flow　pattern　with　sufficient　accuracy，　and　therefore　the
transition　curve　frorn　the　upstream　face　to　the　weir　will　be　recom－
mended・
　　　　（2）　　Some　commlents　to　des　ign　procedure　of　control　structure　at
　　　　　　　　　　overflow　spillway
　　　　　　The　hydraulic　design　of　crest　shape　of　control　structure　at　the
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s
。rest。f。verfl。w　spiliway　i・mainly　based・n　the　pressur・r・quirements
whi。h　i。　t。　pr・v・nt　the　stru・tur・face　fr・m　the　extrem・decr・ase　in
pr・・sur・du・t・rapid　in・r・ase・f　v・1・・ity・C・nsequ・ntly・七he　c°㎜゜n
meth。d　t。　det。rmin。　the　crest・hap・i・t・use　the　exp・rimental　results
。f　Cr・ag・r　f・r　th・napP・・f　free　fl・w．　The　crest・h・p・design・d　by
the　curve・f　Creager　is　then　called　a・the　standard・rest・At　the
l・wer　napP・・f　free　fl・w　it　is　evid・ntly　atm・sph・ric…　that　the
standard　curve　is　the　favourable　shape　frorn　the　point　view　of　pressure
requirement．　H・wever，　the　standard　curve・f　Cr・ager　can　n・t　be
described　in　a　complete　mathernatical　form，　arld　much　endeavours　to
obtain　the　formula　of　free　nappe　are　still　continued．　！：Jhen　the　　co－
。rdinates　ar・，　ther・f・r・，　r・quired　f・r　hydrauli・design・f・re・t　shape・
the　c・mp・・ite　curves，　ea・h・f　whi・h　i・1・cally　fitt・d　t・th・・tandard
curve・f　Creag・r，　is　used，　and　c・rm・・nly　the　upstream・urve　and　the
downstream　curve　are　connected　at　the　crest　of　control　structure．　　工n
this　case，　a・ha・been　desc・ibed　in　th・preceding　Part・the　c「est
・hap・b・・。mes　disc・ntinu・u・in　l・cal・V・alues。f・urvatur・・The　exact
estimation　of　head－discharge　characteristics　by　means　of　the　theory
　of　transitional　charac　teristics　is　not　possible，　and　therefore，　the
　theoretical　verification　of　discharge　relationship　to　the　experimental
　results　of　scale　model　tests　carl　not　be　made．　　To　obtain　the　satis－
fact・ry　estimati・n　f・r　the　head－discharge　r・lati・nship　by・verfl°w
・pillway・，　sev・ral　m・d・l　test・rnu・t　b…ndu・t・d・F・r　hydrauli・design
。f，rest・hape　at・・ntr・1・tru・tures・f・v・rf1・w　spillways　supP・rted
by　the　exp・rimental　result・・f　scal・m・d・l　test・and　th・th・・r・ti・al
v。rifi・ati・n，　it　will　b・fav・urabl・th・t　the　pressur・r・quir・m・nt・nd
the　discharge　characteristics　rnust　be　e・1ually　tak・n　int・c・nsider－
　ation　when　the　design　procedure　is　in　progress．
1）　1shihara，　T．，　工wasas　Y，，　and　I（inukawa　s　tS．，
　　　　Fluctuations　in　Open　Cトannel　F1　ows，　Report，
　　　　JSCE，　May　lg58　（in　Japanese）・
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　　　　　　　　　　　　　　　　　　　　　　　　C　ONCLUS　］IVE　S　TATEMENT
　　　　　The　hydraulic　designs　of　conveyance　and　control　structures
involved　in　the　hydraulic　works　as　onc　of　gravity　projects　have　been
steadily　progressed　with　the　advance　in　basic　｝m　owle　dge　of　hydraulics
and　hydrodynamics．　In　the　oldest　days，　the　theoretical　bac㎏round
fo「　engineering　Project　was　essentially　based　on　the　theory　of　uniform
flows．　　Since　the　vrorks　of　scientists　and　engineers　in　the　last
ceritruy，　the　theory　of　non一㎜iform　flow　became　familiar　to　hydraulic
err．gineers　as　a　mean　for　hydraulic　design　with　conducting　the　scale
model　tests．　τ∫ith　the　improvement　of　hydraulic　works　and　the　basic
theory，　the　more　exact　design　procedures　will　be　expected．　工n　view
of　this　requirement，　the　present　paper　concerns　with　the　design
procedures　in　hydraulic　structures，　mainly　in　conveyance　and　control
structures，　in　the　light　of　modern　knovledge　of　hydraulics　and　applied
mathematics　recently　developed．　　工he　complete　description　for　recom－
mendation　of　hydraulic　design　criteria　is　not　obtained　because　of
greεit　complexity　in　flow　behaviours　characterized　by　turbulence　and
non－linear　influerlces．　Nevertheless，　it　will　be　expected　that　the
study　described　in　this　paper　gives　some　available　informations　on　the
real　achievenlent　in　hydraulic　designs　for　conveyance　and　controユ
StrUCtUreS　tO　SOme　eXtent．
　　　　　　As　the　conclusive　statement　of　the　study，　the　followings　are
sunエmarized●
　　　　　　工n　I）art　工，　the　general　hydraulic　characters　of　open　channel　flows
are　concerned　by　rneans　of　the　one　dimensional　procedure　of　hydraulic
analys　is．　　This　procedure　was　initiated　irl　the　lg　th　century，　and，　in
the　present　day，　it　is　still　very　familiar　method　to　describe　the
who］．e　pattern　of　flow　for　hydraulic　engineers．　［［he　whole　study　in
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this　paper　is　treated　by　the　one　dimens　ional　procedure．
　　　　　The　first　chapter　describes　the　basic　dynamics　of　operl　channel
flows　so　detailedly　as　to　be　favourable　for　the　further　discussion　of
transi七ional　and　七rans　ient　problems　of　open　channe：L　flows．　　工n　this
chapter，　the　rather　new　treatment　for　hydraulic　researches　is　the
introduction　of　boundary　layer　theory　to　the　flow　in　open　channels．
Compared　wi七h　the　successful　development　of　the　boundary　layer　theory
in　other　fields　of　aerodynamics，　meteorology　and　so　on，　the　progress
of　this　theory　in　the　hydraulics　of　open　channel　flows　is　stiU　slσw
as　the　experimentations　are　so　difficult　that　the　experimental　veri－
fication　can　not　be　solved．　Nevertheless，　with　the　use　of　this　theory，
the　formation　of　free　surface　disturbances　and　air－entrainment　can　be
practically　estimated　in　a　mathematical　form．　）．lany　other　problems
which　will　be　solved　by　the　bourldary　ユayer　theory　are　existed　in　hy－
drau］．ics，　and　with　respect　to　this　statement，　the　introduction　of
boundary　layer　theory　to　open　channel　flows　is　of　great　significance
for　the　further　progress　in　hydraulic　res　earches．
　　　　　工n　the　second　chapter，　the　general　theory　of　transitional　charac－
teristics　of　steady　flows　is　described　by　means　of　the　geonletric
theory　of　ordinary　differential　equation．　　This　theory　provides　the
most　significant　relationship　for　hydraulic　designs　of　conveyance　and
control　structures，　and　in　following　parts，　the　design　procedures　and
the　hydraulic　performances　of　structures　are　discussed　in　terms　of
the　transitional　characteristics　of　steady　flows，　as　the　hydraulics
of　steady　flows　is　the　basic㎞owledge　of　design　procedures．　There£ore，
this　chapter　is　the　fundamental　essential　of　the　τvhole　s・じudy　described
in　thiS　paper●
　　　　　The　transitionaユ　characteristics　of　steady　flows　are　conclusive－
1y　described　in　the　fo1］．owing　way：
　　　　　［［h　e　change　of　flow　state，　from　tranquil　to　shooting　or　vice　versa，
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、is　produced　by　the　existence　of　singuiar　point　in　the　basic　equation
of　surface　profiles　expressed　in　Verms　of　one　dimensional　procedure
for　hydraulic　research．　［lh　e　transition　from　tranquil　to　shooting
oecurs　at　the　saddle　point，　whereas　that　from　shooting　to　tranquii
is　occured　by　nodal　and　focal　points，　generally　through　the　hydraulic
jump．　The　classifications　of　three　kinds　of　singular　points　are
definitely　determined　by　the　discharge　and　channel　geometry　in　cross
section　and　channel　grade　as　weユl　as　channel　roughness●　　All　hydraulic
characteristics　of　steady　f］．ows　are　exclusively　obtained　by　the　theo－
ry　of　transitional　characteristics．　　工n　gradually　varied　flows，　the
exact　estimation　of　surface　profiles　of　water　can　be　possible　with
the　use　of　tb　is　theory　and　in　rapidly　varied　flows　the　hydraulics　of
control　section　is　completely　established　and　therefore　the　head－
discharge　relationship　for　discharge　measurement　by　a　single　water－
：Level　observation　is　a：Lso　provided．
　　　　　Consequently，　the　theory　described　herein　is　the　generalized
theory　of　steady　flows　in　hydraulics　developed　since　the　works　of
Dupuit　and　Bresse，　and　the　transitional　theory　of　steady　flows　will
certainly　become　the　basic㎞owledge　of　further　hydrauユic　researches．
　　　　　　工n　relation　to　the　general　theory　of　transitional　characteristics
of　steady　fユows　in　chsnnel　transitions　and　controls，　the　most　signi－
ficant　theorem　on　simuitaneity　of　maximum　discharge，　minim㎜energy
and　minimum　momentum　flux　knovm　as　the　generalized　theory　of　Jaeger
was　established　at　the　saddle　point　by　means　of　the　transitional
theory．　This　theorem　can　substantially　irldicate　the　headロdischarge
relationship　of　control　structures　and　determine　the　design　procedure
of　control　structures．　　工rl　other　words，　it　is　a　solution　of　the
philosophicaユquestion　why　the　flow　can　only　pass　the　channei　with　the
least　rate　of　ener『y　dissipation・
　　　　　　Another　important　conclusion　in　this　chapter　is　the　discussion
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1of　initiation　condition　for　hydraulic　instability　which　indicates　“ヒhe
transiti。n　trom　one　unif。rm　state　of　smooth　plane　flow　to　another
state　of　rough　surface．　Although　the　Vedernikov　criterion　on　initial
instability　is　fanous　for　hydraulic　engineers　and　verified　by　many
e　ng　ineers　including　the　author　s　the　higher　approximation　indicates
the　formation　of　instability　in　the　flow　depends　on　the　dispersive
property　of　fユuid　flows　in　open　channe］．s．　The　further　experimental
verification　will　indicate　the　detail　pattern　of　flov　and　therefore
the　instability　formation　in　open　channel　flows．
　　　　　The　third　chapter　concerns　with　the　hydraulic　characteristics
of　transient　problems　of　open　channel　flows．　Particularly　in　the
present　study，　the　transient　problems　are　solved　by　the　one　dimensional
procedures　of　analysis　and　the　theory　of　moving　discontinuity．　　The
first　order　theory　of　surges　and　translation　waves　have　been　com－
pletely　developed　by　a　large　number　of　scientists　and　engineers．
Consequently，　the　accent　of　the　study　was　directed　to　the　second　order
theory　characterized　by　the　appreciable　magnitude　in　vertical　accele－
ration．　The　resulting　solution　is　expressed　in　forms　of　cnoidal　and
solitary　waves．　Although　the　hydraulic　characteristic＄　of　cnoidal　and
solitary　waves　are　not　explicitely　clarified，　the　wave　form　continues
without　changi㎏　its　initial　forn1，　so　that　the　hydraulic　design　for
conveyance　and　similar　structures　in　which　the　increase　and　decrease
in　discharge　is　　resulted　by　sudden　changes　in　load　must　be　carefully
treated●
　　　　　　工n　Part　I工，　the　hydraulics　of　graduaユly　varied　flows　in　uniform
and　non－uniform　channels　like　channel　transitions　and　controls　is
concerned，　and　especially　the　transitional　characteristics　of　gradu－
ally　varied　f工ows　are　cornpletely　expressed●　　The　gradually　varied　flows
are　mainly　characterized　by　the　hydrostatic　pressure　distribution　and
tho　negligenee　of　f・：　urface　curvature，　because　the　flow　changes　gradu一
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ally　in　the　c・urse。f　channels．　Th・hydrauli・・。fεradually　varied
flows　irl　uniform　channels　has　been　developed　since　the　works　of　Dupui七
and　Bresse　in　the　lg　th　century　and　in　the　pre9．　ent　day　the　rosults
studied　by　many　scientists　and　engineers　are　quite　ourbs七anding◆　　工n
r・ality，　th・fruitful　tabulati・n・f・r　ba・k　wat・r　fun・ti・ns　cal・ulat・d
by　the　tremendous　alnount　of　labours　have　been　obtained．
　　　　　Chapterユof　this　part　describes　a　brief　su㎜ary　of　such　studiesう
and　f　urthermore　the　influence　of　non－hydrostatic　flows　with　apPreciable
vertical　acceleration　which　become　predominant　near　the　critical
depth　is　also　concerned　by　means　of　the　same　：：nathemmfttical　procedures
used　for　classification　of　transitional　characteristics．　　The　resu］．ts
indicate　the　flow　beconles　of　wave　form　and　without　waves，　depending
on　the　channel　characteristics，　as　have　been　described　in　the　口orks
of　Boussinesq　and　Fawer●
　　　　　　Chapter　2　c。ncern・with　the　sul㎜ary。f　hydraulics・f　gradually
varied　flows　in　non－uniform　chanrlels　developed　since　the　19　th　centu－
ry．　Alm・st　all　natural　channels　and　artifical　wate「c°u「ses　a「e　c°㎜゜n口
ly　n・n－rmif・rm，・・that　th・hydraulic　behavi・ur・・f　f1・w・in　su・h
。hann。1・ar・m・r・imp・rt・nt　f・r　pra・ti・al　uses　in・ngineering　Pr・bエems・
Usual　procedures　of　surface　profile　routing　in　non－uniform　channels
are　a　numerical　analys　is　and　a　graphical　method．
　　　　　　工nnon－uniform　channels，　hoTrJever，　both　curvos　of　critical　and
n・rmal　depths　are　n・t　c・nstant　but　a　variable　as　functi・ns・f　channel
　characteristics　and　distance　for　a　particular　value　of　discharge，　so
　that　the　resulting　surface　profiles　of　water　calculated　by　the　pro－
　cedure　of　numericai　analysis　and　the　graphical　method　are　largely
errorneous　in　the　i㎜ediate　vicinity　of　singular　points，　as　the　flow
rrill　be　fre・quent・iy　changed　in　its　state・The　c・mplete　descripti・n
　of　such　behaviours　will　be　illustrated　in　Chaperr　4．
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1　　　　　工n　Chapter　3，　the　conclusive　　statemen七　〇f　various　七ypes　of　hy－
drauiic　jumps　is　presented．　　The　hydraulics　of　jump　phenomenon　of
normal　type　has　been　completely　studied　and　the　relationship　for
formation　also　has　been　es　tabl　ished．　　［［herefore　the　present　attention
is　mainly　accented　to　the　hydraulic　behaviours　of　undular　j　urnp　charac－
terized　by　a　series　of　cnoidal　and　solitary　forms．　Nevertheless，　the
complete　description　of　behaviours　has　not　been　obtained　because　the
basic　physics　of　such　flow　behaviours　as　the　second　apProximation　of
non－linear　open　channel　flows　are　not　completely　understood　as　seen
in　th・tran・ient　pr・bl・m・describ・d　in　Cfiapt・r　3・f　Partエ．
　　　　　Chapter　4　is　the　main　subject　of　the　whole　part　and　concerns　with
the　transitional　characteristics　of　gradually　varied　fl　ows．　As　de－
scribed　in　the　foregoing，　the　surface　profile　routing　of　water　in　non－
uniform　channels　must　be　essentially　considered　by　the　transitional
characteristics，　to　ob”gain　the　exact　evaluation　of　pro£iles　for　various
　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　　　ロ　　　　　　　　　　　　　　　　　purposes　ln　engエneerユng　problems．　　This　chapter，　especially，　deals
with　the　transitional　characteristics　of　Ch6zy　flows　as　the　basic　flow
pattern　of　open　channel　flows．　　The　resulting　profiles　are　classified
by　nine　saddle　points，　five　nodal　points，　and　four　focal　points，　each
of　which　is　also　determined　by　channel　and　floN・r　characteristics．　Vith
the　aid　of　all　possible　surface　profiles　of　graduaユly　varied　flows　in
channel　transitions　and　controls，　the　hydraulic　behaviours　of　transi－
tional　characteris七ics，　the　hydraulic　performance　of　conrbrol　structures
and　the　surface　profile　routing　will　be　illustrated．　　工t　is　evidently
’ehat　the　routing　of　surface　profiles　of　water　is　frequently　errorneous
if　the　complete　knowledge　on　transitional　characteristics　of　探radualユy
varied　flo阿s　is　not　obtained　by　hydraulic　engineers．　Apparently　the
same　treatment　口ill　be　readi］．y　extended　to　the　flow　irl　uhich　the
Manning　type　of　resistance　is　used．
　　　　　Part　工工工　concerns　with　the　hydraulic　performance　of　cbntrol
structures　as　me七ering　devices　by　a　single　water－1evel　measurement・
The　control　structure　which　involves　the　control　section　determines
all　characteristics　of　transition　f1㎝s　and　therefore　j・t　is　used　as
discharge　metering　for　open　channel　flows・
　　　　Chapt・r　2・f　th・part・・ncern・with　th・hydrauli…fr・und・rest・d
we　ir　as　an　exai：aple　of　control　structures．　　The　hydraulic　character－
istics　of　flows　over　a　weir　and　the　hydraulic　performances　in　the
struc・じure　are　definitely　determined　by　the　use　of　transitional　theory
of　irrotational　flows　and　the　generalized　theory　on　simultaneity　of
Inaximum　discharge　and　minimum　energy．　The　theoretical　results　also
are　verified　by　the　experimentations　corlduc七ed　at　the　laboratories．
The　head■discharge　relationship　of　round　crested　weir　can　be　expressed
as　a　f㎜ction　of　ratio　between　the　curvature　of　solid　boundary　and
th・up・tr・am　h・ad．　Th・r・f・r・，　th・hydrauli・design　f・・r・und・rest・d
weir　as　flo、：nletering　devices　will　be　possible．
　　　　　　工n　Chapter　3，　the　hydraulics　of　control　structure　of　overflow
・piZlways　is　c・ncern・d　by　m・an・・f　the　sam・tr・atm・nt・m・e　classi・al
method　to　estirtate　the　head－discharge　relationship　of　overflow　spill－
ways　was　exclusively　based　orl　the　scale　rnodel　tests．　工n　this　study，
the　present　treatrnent　by　the　transitionaユ　theory　of　flows　over　control
structures　indicates　the　establishment　of　head－discharge　relationship
　is　also　Possible　with　sufficient　results　of　engineering　Purposes・
　　　　　　工n　Chapter　4，　the　hydraulic　performance　of　a　sharp　crestedτreir
　is　indicated．　　This　problem　is　one　of　the　most　dif£icult　problems　in
　hydraulic　researches，　because　the　basic　flow　pattern　is　not　subject
　to　a　cornplete　matheinatical　description，　whereas　the　hydraulics　of
　control　section　described　herein　indicates　that　the　procedure　of
　transitional　characteristics　is　orle　of　the　steps　for　furthor　hydraulic
　reseraches　which　will　be　developed　in　the　future．　　The　resu：Lts　theo－
　retically　calculated　are　closely　agreed　with　the　experimental　data
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。btain。d　by　a・arg・numb・r・f・ngineer・，　and　in　th・1a・t　secti。n°f
this　chapt。r，・・me　c・㎜・nt・。f　hydraulics。f　free・v・rfall・a「e　de’
scribed．　The　cle。r　f。rmulati。n・f　hydrauli・p・rf・rmance・f　free°ve「“
fa11。　i、　n。t　d。riv・d，・hil・th・b・tt・r　illu・trati。n　i・r　th・p・rf°「mance
is　also　indicated　by　the　present　apて）roach●
　　　　　Chapt・r　5　d・al・with　t1・e　hydr・uli・p・rf・rmance・f　flu鵬s　as　mete「’
ing　d。vi・es．エn・・ntra・t　with　th・f・r・g・ing・ases　f・r・・nt「°lling
d，vices。f　rapidly　v・ri・d　fl・ws，　th・fl㎜・・i・u・u・lly・all・d　as　1°ng
，tru。tures　in　whi。h　th・gradually　va・i・d　f1・w・［；are　car・i・d－」h・n　the
chann。1。。ntra。ti。n　and・xpansi・n　are　c。n・tru・t・d　in　the　flume・the
tran・iti・n　f1・w　can　b・・ccur・d　and　thu・the　stru・tur・a1・。・an　bec°me
。。ntr。1。tru。tur。。．［［h・flumes。f　Par・hall，エngli・，　d・｝・lar・hi　and
。thers　are　th。se　structures．　The　m。del　flumes　indi・ated　a　g・・d　ag「ee－
ment　b。tween　the　the。retical　calculati・n　and　the　exp・rimental　data・
and　th。r。f。r。　th・discharg・m・a・ur・m・nt　by　th・use・f・u・h　flumes　can
b。p・ssibl・with・uffi・i・nt　accura・ies・H・wev・r・the　establishment
。f。mpiri・al　f・rmula・deriv・d　by　tb・th・。r・ti・al・alC　Ulati・n°「the
。xp・rim・ntal　result・i・n・t　p。ssibl・b・・au・e　the　basic　fl°w　pattem
。f　graduaUy　vari・d　f・・w・in　th・f・um・i・1・rg・・y・har・・te「ized　by　the
n。n．lin。ar　influ。nces・f　fluid　m・ti・n．　Only　the　p・s・ible　way　is　the
tabulati。n　f。。　discha・ge　c・efficent・by　th・tr・mend・u・am・unt・f
　calculation．
　　　　　　［1］t・i。1。・tpart・f　the　study　deal・with　th・hydr・uli・r・quirements
f。r　hydrauli・design・f・・nv・yan・e　and・・ntr・1・t・u・tures　and　the
design　pr・cedures・f　these　stru・tures　with　th・use・f　th・f・reg°ing
descripti・n・a・the　c・n・lu・iv・・umnvaries・f　th・wh・1e　study・
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ　　　　　コ　　　　　　　The　canal　consists　usually　of　uniform　charmels，　transltlon
stru。tures　and　c。ntr。1　st・u・tures．　F・r　hydr・ulic　designs・f㎜if・rm
mild　channels　as　c・nveyance　s七・uctu・es，　the　usual　meth・d・f　calcu－
1。ti。n。an　b。　appli・d．　H。wev・r，　th・final　r・’quire・me　nt　f・r　designs　is
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t。。b七ain七h。　rninimum，n。rgy　1・ss　c・n・i・t・nt　with　the　ec・n・町゜f
。。n、tru，ti。ni。。　that　th・design　pr。cedぼes　are　sub・tantia・ly　th・t「y
and。ut　meth。d．　F・r　d・・ign・。f・teep・hann・1…ther　．・ignificant
b。havi。ur。。f。h。。ting　f1・ws　mu・t　be　c・n・id・r・d・lh・f・r・nati・n°f
r。、、waves　by　th。　hydrau・i・in・tabi・ity，　the　entrainm・nt・f　air　bubble
int。　th。　f1。w　and　the　sudd・n　in・r・ase。f　wat・r　d・p七h・ccur・d　by　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ。bliqu。・tanding　wav・，　wh・n　the　chann・1　i・・f　tw・dim・nsi・nal　t「ans’－
ti。n，　are　car・fully　treat・d　in　the　preliminary　pr・」ect・・［［he　hy’－
drauli，　b。havi。ur。。f　these　chara・t・ri・tics　are　c・mpl・t・1y・tudi・d　in
thi、　pap・r　and　will　certain・y　serv・a・th・r・a1・。ntributi・ns　t°the
desirable　plans・
　　　　　可h。n　the　chann。1　tran。iti。n　’i・plann・d　in　hydrau・ic　1・・rk・・th・
，。mpl。t・1m・w・・dg・・f　tran・iti・nal・hara・t・ri・tics・f　f1。w　must　be
r・quir・d．［llh・th・・ry。f　tran・iti・na・・hara・t・ri・tics・f　g「adually
vari。d　f1。w。　is　evid・ntly　indi・at・d　in　the　f・r・g・ing　Part・wh・r・as　that’
f。r　rapidly　vari・d　fl・w・i・n・t・・mpl・t・ly　est・bli・h・d・because　the
d。tail　patt・rn・f　fl・w　i・n・t・ub」ect・d　in　a　math・m・ti・al　f・rm・エf
th。　g。。m・tri・al・hang・。f・hannel　is　s・gradu…th・hydraulic　design
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ハ，an　b。　th。。r。ti。ally　analy・ed．　If　n・t，　the　empi・i・al・・effエcientsエ゜「
f。rm　rest。t。nce，　with　the　sc・1・m・d・1　test・，　mu・t　b・intr・duced　unde「
th。　present　kn・w1・dg・・f。ne　dim・n・i・nal　hydrauli・pr・cedures・［［h　is
P。・bl・n　is　still　n・t・・arifi・d　and　mu・t　be　c・ntinued　t°s°lve　as°ne
　of　further　problenls・
　　　　　　エfthe　channel　tran・iしi・n　is　classifi・d　a・the　c・ntr・l　st「uctu「e・
all　th。　hydraulic　chara・t・ri・tics　can　b・d・finit・ly　est・blished・s°
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　■　　　　　　　　　　　　　　　　‘　that　the　hydraulic　design　will　be　possible　for　englneenng　purposes．
エnthis　case，　th・。th・r　neces・ary　r・quir・m・nt　f。r　pressure　will　be
　　arised　as　welユ　ρs　for　the　discharge，　Especially，　the　pressure　re－
quir・ment　i・v・ry　imp・rtant　f・r　hydrauli・desig・・f　sh°rt　st「uctu「es・
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、in　wh　ich　the　flow　is　very　rapidly　changed，
from　the　unfavourabie　decrease　of　pressure
along　the　solid　boundary．
to　prevent　the　structure
and　the　formation　of　cavity
●
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　　　　　Th。　wh。le　sub」ect　describ・d　in　th・present・tudy　i・a・・n・lusive
，tat。m。nt　f。r　establi・hm・nt・f　th・hydraulics。f　tran・iti・nal　cha「ac－
t。ri。ti，。。f。p・n・hann・1　fl・w・by　mean・・f　th・m・d・rn㎞・wl・dge　in
theoretica：L　advances　of　mathematical，　hydrodynamic　and　hydraulic
fi。1d。．血。　resear。h　pr・gram　ha・been　c・ntinu・usly　pr・gressed　by
th。　auth。r　with，。。p・rati・n・f・ther・taff・and・tud・nt・parti・ula「ly
parti，ipating　t・hydrau・ics　and　hydrau・i・engineering　in　th・Hyd「aulics
Lab。rat。ry；D。partm・nt・f　Civi・Engineering，1ζy・t・Univer・ity・und・r
the　sup・rvi・i・n・f　Dr．　T・jir・1・hihara　f・r　recent　seve「al　yea「s・
　　　　　Deep　a・kn・wi・dgment・・f　th・auth・r　ar・mad・t・Dr・エ・hiha「a　f°「
his　c。ntinu。us　en。。urag・m・nt・and　in・tru・ti・n・t・pr・m・t・th・p「esent
resear・h　pr・gram・．　A1・・thank・ar・du・t・staffs　and・tud・nts　in
the　lab・rat・ry　f・r　their　earnest　help　in　devel・ping　this　p「°g「am・
E。pecially，　it　i・・f　gr・at　p1・a・ur・・f　the　auth。r　th・t　names°f晩ss「r・
H．Mat。皿ami，　S．　Kinuk領，　K．エhda，　T・Kad・ya・A・r’lurakami・R・Niha「i・
F．Ni・hihira，　H．｝iat・ubara，　and　Y・エn・ue　sh・uld　b・r・顕in・d　in　the
paper　a・th・auth・r・s　symb・1・f　grat・ful　apPreciati・n　f・r　thei「
　assistance．
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